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Severe water shortages occurred only in localized areas without adequate reservoir storage. In much of the West, storage levels in reservoirs at the beginning of the 1987 water year (October 1, 1986 to September 30, 1987 equalled or exceeded the average for that time of year. The quantity of water in storage and efficient management practices provided an adequate supply of water for most uses, but some municipalities and other water suppliers instituted either voluntary-or mandatory-use restrictions. Some municipal reservoirs became critically low by the end of September.
The 1987 water year may be the beginning of a severe drought in the Western states. If 1988 is another dry year, major water shortages will develop throughout the West. Conditions in 1987 are already approaching those that prevailed during the second year of the 1976-77 drought; another dry year would result in even more extreme conditions.
Purpose and Scope
The purpose of this report is to document the meteorologic and hydrologic conditions for the 1987 water year in order to forewarn of a potential drought and show conditions that could lead to serious water shortages. Tables and illustrations comparje precipitation and  streamflow during the 1987 water year to thle average and minimum Hydrologic and meteorologic data for periods prior to the 1987 water year used in this report are from published records of the U.S. Geological Survey and the National Weather Service. The preliminary 1987 hydrologic and meteorologic data were obtained from 24 selected U.S. Geological Survey stream-gaging stations and 22 National Weather Service weather stations ( fig. 1 ). Other 1987 water-supply information is from data provided by Federal and State agencies, public utilities, and the news media.
METEOROLOGICAL FACTORS Precipitation and Temperature
There was no consistent precipitation pattern throughout the West during 1987 water year, but generally the fall and winter precipitation was below average, with the December precipitation extremely low at most sites ( fig. 2 ). Above average precipitation occurred in March, May, and July in some areas. The March precipitation fell largely as rain and caused snow to melt, rather than accumulate as it does in March of most years, and the May rainfall further accelerated the snowmelt.
The July rain provided some relief to wilting crops but was not enough to have much impact on streamflow. For example, a 1-day rainfall of over an inch at Spokane, Washington, caused little or no increase in streamflow (R. L. Blazs, Spokane Field Office Chief, U.S. Geological Survey, oral commun., August, 1987) .
Total precipitation for the period October 1986 through September 1987 was near normal for most of the weather stations for which records are included in this report (table 2, at back of report). Long periods of hot dry weather separated the periods of precipitation, so that dry conditions developed by the end of summer. In the State of Washington, the Stampede Pass weather station (which is used as an index station in the State) recorded temperatures considerably above normal from February through June, with April and June averaging more than 4 degrees Fahrenheit above normal (Lee Krogh, Hydrologist, National Weather Service, oral commun., September 10, 1987), 
Drought Index
The National Weather Service and Soil Conservation Service utilize a drought index, known as the Palmer Index, to rate the severity of a drought (Palmer, 1965) . The Palmer Index reflects abnormal wetness or dryness for prolonged periods, long-term moisture, runoff, recharge, deep percolation, and evapotranspiration. A drought-index map for August 15 indicates severe to extreme drought conditions in nearly all of California, north-central Washington, northeastern Oregon, and central and southwestern Idaho (fig. 3) . The severe conditions extend into northeastern Nevada, northern Utah, and western Wyoming.
Winter Snowpack
The snowpack for the Western states was well below normal throughout the 1986-87 winter and was greatly depleted by hot weather in April. For example, by May 1, 1987, the snowpacks in the Carson and Humboldt River basins had been depleted to 14 and 17 percent of average, respectively. The snowpack in the Columbia River basin was 53 percent of the weighted average on May 1. This value compares to 31 percent for the 1977 water year. By May 1, the water equivalent of the snowpack statewide in California was only about 20 percent of normal. In Montana, the water content at 30 percent of the snow courses was the lowest ever recorded on May 1.
STREAMFLOW CONDITIONS
The 1987 water year began with below average streamflow at most stations. Streamflow increased during the winter but stayed below average at most stream-gaging stations. The rainfall in March and May of 1987 and the hot weather in April caused early snowmelt and aboveaverage flow in some streams, but in most streams the flow remained below average during the entire spring and summer runoff period. Even in areas receiving above average rainfall, the streamflow decreased rapidly after the early snowmelt and by mid June some streams reached extremely low discharges. Others did not become critically low until August or September. Figures 4 and 5 compare the mean daily discharges in 1987 to the minimum daily discharges for two selected streams during 39 or 49 year periods and to the discharges that were exceeded 50 percent of the time during these same periods.
Throughout the West, total streamflows for the 1987 water year were well below average and are the lowest since 1977. In the Great Basin in northern Nevada, the flows of East Fork Carson River and Humboldt River have averaged only about 40 percent of the long-term average flow (table 3, at back of report).
Most 1987 water-year flows in western Oregon and western Washington were about 70 to 80 percent of average. Rivers in the Columbia River basin in Idaho, Montana, Oregon, and Washington ranged from 50 to 80 percent of the long-term average. Flows in the Snake River drainage in Idaho and Oregon have ranged from as low as 40 percent in the Bruneau River in southern Idaho to about 60 percent in the Grande Ronde River in northwestern Oregon. In California, the total flow of the Arroyo Seco was only 30 percent of the long-term average. Below r _q Q txtreme drought Some of the most extreme low flows in the West occurred in southern Idaho. The monthly flows of the Boise River near Twin Springs, Idaho, were the lowest on record (for period 1912-87) for the months of July and August; after April the monthly mean discharges were less than the monthly means that are exceeded 90 percent of the time. The 1987 monthly mean discharges for six streams are compared to those discharges exceeded 50 and 90 percent of the time in figure 7.
COLLECTION OF FIELD DATA
The U.S. Geological Survey offices in Washington, Idaho, Oregon and Nevada, in cooperation with Federal, State and local governments, are making, and have made, special streamflow measurements to document the low flows at active gaging stations, at former stations, and at miscellaneous sites. Many of the sites were measured during the low flows of 1977. The Geological Survey also is studying the effects of the drought on the quality of surface water. Results from these special studies were not available at the time of this report, but the studies will provide data that can be used at a later date for analyzing the severity of the drought. The data will protvide insight into the processes associated with droughts and may help to develop methods for coping with droughts.
RESERVOIR STORAGE I At the beginning of the 1987 water year (October 1, 1986) storage in major reservoirs was slightly above the average in California, Oregon, and Idaho, but well below average in Washington; storage in the Yakima Basin was the lowest since 1973 (Soil Conservation Service, 1987e By the end of September 1987, most irrigation reservoirs had been drawn down sufficiently to cause the quantity of water stored to be considerably below the average. Because reservoir storage generally is used to augment summer flows, 1 year of deficient precipitation and low runoff does not normally result in severe water shortages for the year. However, when reservoir storage is depleted at the end of one irrigation season, the coming winter and spring runoff may not increase storage enough to provide needed streamflow in the next irrigation season.
On September 30, 1987, the total storage in 26 major irrigation reservoirs and the total storage in 29 major power and multipurpose reservoirs in the Northwest were 51 percent and 101 percent, respectively, of the 10-year average. Even though it was the tenth worst water year under the Bonneville Power Administration (BPA) system, the major power reservoirs in the Pacific Northwest were essentially full because of conservative operations and reduced power sales (Leslie Ratchye, Assistant to the Area Manager, External Affairs, Bonneville Power Administration, oral commun., August 5, 1987) . The total storage in the 150 major California reservoirs was 81 percent of the 10-year average. Examples of end-of-September reservoir storage are shown in table 1. Irrigation storage in 1987 has been depleted to the point that a low-flow year in 1988 could cause critical water shortages in some regions.
Municipal reservoirs have reached critically low levels. The cities of Seattle and Tacoma, Washington; Coos Bay, Oregon; and Willets, California, finished September 1987 with less than a 2-month water supply in storage. In October, Seattle was pumping from a pool that was below the normal outlet from the reservoir; Tacoma was supplementing its supply by pumping water from a natural lake, and the release rate from the dam upstream from the Tacoma intake was less than that required for either municipal or instream uses--let alone being enough for both. Portland, Oregon, pumped heavily from its emergency well field, without which the surface reservoir would have gone dry.
Cities that use mostly ground water have not experienced severe impacts from the drought but could begin to do so within a few months if ground-water levels are not replenished soon. Several Idaho, California, Oregon, and Washington cities could be short of water in 1988 if precipitation continues below normal.
EFFECTS OF LOW STREAMFLOWS
Even though low flows occurred during the 1987 water year, no widespread critical water shortages were observed because many agencies, utilities, and private companies adjusted their water-management practices. For example, the State of Washington Legislature approved Second Substitute Senate Bill 5993 (Hedia Adelsman, State of Washington Department of Ecology, written commun., 1987) . This 1987 Emergency Water Supply Alleviation Bill gives the Department of Ecology authority to issue temporary permits for withdrawals of surface and ground waters, construct facilities, and make temporary changes of water rights consistent with State law. Also in Washington State, the Cities of Seattle and Tacoma imposed restrictions on domestic water use. Nearly all of the cities around San Franciso Bay entered into a large-scale publicity campaign to promote a voluntary reduction in water use. Even in years of average streamflow, there is strong competition among various water-using interests; the competition becomes extremely intense in a dry year. In May 1987, the U.S. Army Corps of Engineers (COE) and the Oregon Water Resources Department {OWRD) began a series of coordinating meetings with other State and Federal agencies representing various water interests (recreation, fisheries, water quality, navigation, etc.). These meetings were held to provide the COE with information necessary to optimize the operation of their reservoirs in the Willamette system in order to minimize the negative effects on the various water uses. In general, adequate flows were maintained to meet power-generation and irrigation requirements.
In order to maintain at least a few high-quality recreational reservoirs in the Willamette River basin, three reservoirs that filled to normal levels were maintained at levels suitable for recreation, while reservoirs that did not fill were drafted heavily to augment summer flows for fisheries, water quality, and other management purposes (Dave Jarrett, Hydrographer, Oregon Water Resources Department, oral commun., 1987). On August 19, 1987, representatives from various State and Federal agencies met and agreed to the State of Oregon's request for special flow releases from the Lost Creek Reservoir on the Rogue River to avert a major fish kill during the fall Chinook Salmon run. Because of the advance planning, the effects of low flows on regulated rivers in Oregon generally were minimized during the year.
Delivery of irrigation water in some regions was curtailed, but no widespread irrigation crises were reported. Severe shortages did occur within some small areas of Idaho. A project on Big Wood River in Idaho had to greatly curtail its delivery in June (San Francisco Examiner, June 14, 1987). In southwestern Oregon, the Watermaster reported increased well-construction activity to deepen or replace irrigation wells that went dry during the irrigation season. The Division of Emergency Management in Washington State reported that some irrigation wells were drying up in Kittitas, Chelan, and Okanogan Counties in eastern Washington (Division of Emergency Management, written commun., 1987). Under Oregon water law, water delivery is based on the date of the water right, with the oldest water right being the last to be cut off. Water rights dating back to 1885 were cut off on one stream in northeastern Oregon.
FOREST FIRES
As in most years of low summer precipition, forest fires were numerous in the summer of 1987. On August 5, the decline in percent moisture in combustible forest fuels was 15 days ahead of normal in western Washington and 30-35 days ahead of normal in the Cascades, eastern Washington, and the Olympic peninsula (Howard Thronsen, Fire Prevention Specialist, Washington State Department of Natural Resources, oral commun., 1987). Green-vegetation drying was 30 days ahead of normal at that time, and some surface-water sources used for fire suppression were dried up. In early October the U.S. Forest Service reported that the moisture content of dead and downed trees in the forests of California was less than that of kiln dried lumber.
The forest material had a water content of 4 to 6 percent; kiln dried lumber has a moisture content of 14 to 16 percent (R. E.Greffenius, U.S. Forest Service, oral commun, October 15, 1987). The fire season began earlier than usual in Oregon, according to Jim Fisher of the Oregon State Forestry Department. Soils and forest fuels had dried out 4 to 6 weeks earlier than in most years. By early September, more than 500,000 acres of forests had burned in northern California and more than 100,000 acres had burned in Oregon (The Portland Oregonian, September 10, 1987).
SUMMARY
Below average streamflows were common throughout the West in 1987. Annual flows were the lowest since the drought of 1977. Summer flows of many streams reached levels that were lower than those in 1977, but total flows for the year generally exceeded those of 1977. At some sites flows for July, August, and September were the lowest ever recorded for those months. Reasons for the low flows, which occurred in spite of near normal precipitation for the year, include a low winter snowpack, unseasonably early melt of that snpwpack, and prolonged periods of well-above-average temperatures.
Even though the flow conditions worsened noticeably during the year, widespread critical water shortages did not occur. This probably was due to careful management and conservative water-use practices by many agencies, utilities, and private companies.
Conditions are conducive for a potentially serious drought in 1988. The low flows during 1987 left many storage reservoirs at well-belowaverage levels, and in some areas, ground-water levels have been lowered considerably, as indicated by the need to deepen irrigation wells in Oregon. The western states need at least average rainfall and an adequate snowpack to avert critical water shortages in the coming year. U.S. Geological Survey offices are cooperating with local, State, and Federal agencies in special measuring programs to document the degree and extent of the drought. Increased insight into the hyrologic and climatological processes associated with droughts may improve our ability to anticipate the possibility of a drought and to cope with its detrimental effects. 
